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Se lempeh to the ruler EF be faftened by one end to the point 
G,, and by the other to the extremity F ofthe ruler EF, Then 
if the ftring be held down to the ruler EF by a pin H, as is 
reprefented in the figure ; the point of this pin, while the 
ruler EF moves on the ruler CD, fhall defcribe the line IKL; 
which will be one part of the curve line, whofe defcription 
we were here to teach : and by applying the rulers in the like 
manner on the other fide of the line AB, we may defcribe 
the other part IM of this line. If the diftance CG be equal 
to half the line EF in fig. 64, the line MIL will be that very 
line, whercin the plane ABCD in that figure cuts the cone. 


84. Tire line AT is called the axis of the parabola MIL, 
and the point G is called the focus. 


8s. Now by comparing the effeéts of gravity upon falling 
bodies, with what is demonftrated of this figure by the geo- 
meters, it is proved, that every body thrown obliquely is 
carried forward in one of thefe lines, the axis whereof is per- 
pendicular to the horizon. 


86. Tux geometers demonftrate, that if line be drawn to 
toucha parabola in any point, asthe line A B (in fig.68.) touches 
the parabolaC D, whofeaxisis YZ, inthe point; and feveral 
lings F GFL, K L be drawn parallel to the axis of the parabola: 
then the line FG willbe to HI in the duplicate proportion of 
EF to EH; and FG to KL in the duplicate proportion of EF 
toEK; lkewife HI tok in the duplicate proportion of HH 
toEk. What is to be underftood by duplicate or two-fold 
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proportion, has been already explained *. AccordiaBny. ei 
mean here, that if the line M be taken to bear the fathe pro- 
portion to EH, as EH bears to EF, HI will bear the fame 
proportion to FG, as M bears to EF; aud if the line N bears 
the fame proportion toEK, as EK hen toEF, KL will bear 
the fame proportion to FG, as N bears to EF; or if the line 
O bear the fame proportion to EK, as EK bears toEH, KL 
will bear the fame proportion to HI, as O bears to EH. 


87. Turis property is effential to the parabola, being 
fo connected with the nature of the figure, that every line 
poffeffing this property is to be called by this name. 


88. Now fuppofe a body to be thrown from the point A 
(in fig. 69.) towards B in the diredtion of the line AB. ‘This 
body, if left to it felf, would move on with a uniform mo- 
tion through this line AB. Suppofe the eye of a fpeétator to 
be placed at the point C juft under the point A; and let us 
imagine the earth to be fo put into motion along with the 
body, as to carry the {pectator’s eye along the line CD parallel 
toAB; and that the eye fhould move on with the fame velo- 
city, wherewith the body would proceed in the line AB, if 
it were to be left to move without any difturbance from its 
gravitation towards the earth. In this cafe if the body mov- 
ed on without being drawn towards the earth, it Weuld an- 
pear to the {pectator to be at reft. But if the power of gra- 
vity exerted it felf on the body, it would appear to the fpe- 
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ctagot torfall directly down. Suppofe at the diftance of time, 
wharein the body by its own progreflive motion would have 
movéd from A to E, it fhould appear to the fpedtator to 
have fallen through a length equal to BF: then the body at 
the end of this time will a€tually have arrived at the point F, 
If in the {pace of time, wherein the body would have mov- 
ed by its progreflive motion from A to G, it would have ap-. 
peared to the fpectator to have fallen down the {pace GH: 
then the body at the end of this greater interval of time 
will be arrived at the point H. Now if the line AF HI be. 
that, through which the body a@tually paffes ; from what 
has here been faid, it will follow, that this line is one of thofe, 
which I have been defcribing under the name of the parabo- 
la. For the diftances EF, GH, ‘through which the body is 
feen to fall, ‘will increafe in the duplicate proportion of the 
times®; but the lines AF, AG will be proportional to the 
times wherein they would have been defcribed by the fingle 
progreflive motion of the body: therefore the lines EF, GH 
will be in the duplicate proportion of the lines AF, AG; and. 
the line AF HI poffeffes the property of the parabola. 


89. Ir the earth be not fuppofed to move along with the 
body, the cafe will be a little different. For the body be- 
ing conftapyy drawn direétly towards the center of the earth, 
the Body in its motion will be drawn ina direction a little ob- 
lique to that, wherein it would be drawn by the earth in mo- 
tion, as before fuppofed. But the diftance to the center of the 


earth. 
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earth bears fo vaft a proportion to the greateft length, yo ywaiyir 
we can throw bodies, that this obliquity does not mertany 
regard. From the fequel of this difcourfe it may indeed be 
collected, what, line the body being thrown thus would be 
found to defcribe, allowance being made for this obliquity of 
the earth’s action*,. This is the difcovery of Sir Is, NewT on; 
-but has no ufc in this place. Here it is abundantly fufhicient 
to confider the body as moving in a parabola. 


go. Tue line, which a projected body defcribes, being 
thus known, practical methods have been deduced from 
hence for dire@ting the fhot of great guns to ftrike any ob- 
ject defired. This work was firft attempted by Gauiieo, 
and foon after farther improved by his {cholar TorriceLyi3 
but has lately been rendred more complete by the great 
Mr. Cores, whofe immature death is an unfpeakable lof to 
mathematical learning. If it be required to throw a body 
from the point A (in fig. 70.) foas to ftrike the point B ; 
through the points A, B draw the ftraight line CD, and erect 
the line AE perpendicular to the horizon, and of four times 
the height, from which a body muft fall to acquire the velo- 
city, wherewith the body is intended to be thrown. Through 
the points A and £ defcribe a circle, that fhall touch the line 
CD in the point A. Then from the point B d?rwe the line 
B¥ perpendicular to the horizon, interfe€ting the circle in the 
points Gand H. This being done, if the body be projected 
dirc&tly towards either of thefe points G or H, it fhall fall up- 
on the point B; but with this difference, that, if it be thrown 
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in the direGtion AG, it thall fooner arrive at B, than if it were 

rojected in the direction AH. When the body is projected 
Ly the direction AG; the time, it will take up in arriving at 
B, will bear the {fame proportion to the time wherein it would 
galt down through one fourth part of AE, :as AG bears to half 
AE. But when the body is thrown in the direétion of AR, 
the time of its pafling to B will bear the fame proportion to 
the time, wherein it would fall through one fourth part of 
AE, as AH bears to half AE. 


gt. Ir the line AI be drawn fo as to divide the angle un- 
der EAD in the middle, and the line [kK be drawn perpen- 
dicular to the horizon; this line will touch the circle in the 
point 1, and if the body be thrown in the direction AI, it 
will fall upon the point K: and this point K is the fartheft 
point in the line AD, which the body can be made to ftrike, 
without increafing its velocity. 


92. Tue velocity, wherewith the body every where 
moves, may be found thus. Suppofe the body to move ir 
the parabola AB (fig. 71.) Erect AC perpendicular to the 
horizon, and equal to the height, from which a body muft 
fall to acquire the velocity, wherewith the body fets out from 
A. If you take any points as D and £ in the parabola, and 
_draw Desand EG parallel to the horizon; the velocity of the 
body in D-will be equal to what a body will acquire in falling 
down by its own weight through CF, and in E the velocity 
will be the fame, as would be acquired in falling through 
CG, Thus the body moves floweft at the higheft point H 
of the parabola; and at equal diftances from this point will 


move 
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move with equal fwiftnefs, and defcend from that higheft 
point through the line HB altogether like to the line AH 14 
which it afcended; abating only the refiflance of the af, 
which is not here confidered. If the line HI be drawn -/'m 
the higheft point # parallel to the horizon, AI wil! be equal 
to3of BG in fig. 70, when the body is projected in the direc- 
tion AG, and equal to of BH, when the body is thrown in 
the direction AH, provided AD be drawn herizonially. 


93. Tuus I have recounted the princiy pal difcoveries, 
which had been made concerning the motion of bodies by 
Sir Isaac Newron’s predceefiors; all thefe difcoveries, by 
being found to agree with experience, contributing to efta- 
blifh the laws of motion, from whence they were deduced, 
I fhall therefore here finifh what I had to fay upon thofe 
laws; and conclude this chapter with a few words concern- 
ing the diftinétion which ought to be made between abfolute 
and relative motion. For fome have thought fit to confound 
them together; becaufe they obferve the laws of motion to 
take place here on the earth, which is in motion, after the fame 
manner as if it were at reft. But Sir Isaac Newton has 
been careful to diftinguifh between the relative and ab‘olute 
confideration both of motion and time*, The “aie teh 
anciently found it neceflary to make this diftin@iiog ju tires. 
Time confidered in it felf paffes on equably without’ mh OTL VO. 
any thing external, being the proper meafure of the wvacit. 
ance and duration of all things. But it is moft frequently con- 
ceived of by us under a relative view to fome fucceffion in 
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Snfible things, of which we take cognizance. The fuccef- 
fign of the thoughts in our own minds is that, from whence 
welyeceive our firft idea of time, but isa very uncertain mea- 
furethereof; for the thoughts of fome men flow on much 
vii {wiftly, than the thoughts of others; nor does the fame 
perfon think equally quick at all times. The motions of the 
heavenly bodies are more regular ; and the eminent divifion 
of time into night and day, made by the fun, leads us to 
meafure our time by the motion of that luminary: nor do we 
in the affairs of life concern our {elves with any inequality, 
which there may be in that motion ; but the fpace of time 
which comprehends a day and night is rather fuppofed to be 
always the fame. However aftronomers anciently found 
thefe {paces of time not to be always of the fame length, and 
have taught how te compute thcir differences. Now the 
timg, when fo equated as to be rendered perfectly equal, is 
ae meafure-of duration, the other not. And therefore 
this latter, which is abfolutcly true time, differs from the 
other, which is only apparent. And as we ordinarily make 
no diftin@ion between apparent time, as meafured by the 
fun, and the true; fo we often do not diflinguith in our-ufu- 
al difcourfe between the real, and the apparent or relative 
motion of bodies; but ufe the fame words for one, as we 
fhould for the other. Though all things about us are really 
firsetiin with the earth; as this motion is not vifible, we 
fpeak of the motion of every thing we fec, asif our felves 
‘and the earth ftood ftill, And even in other cafes, where we 
difedyn the motion of bodies, we often {peak of them not in 
relatipn to the whole motion we fee, but with regard to other 
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bodies, to which they are contiguous. If any body were, 
ing ona table; when that table fhall be carried along, Ave 
fay the body refts upon the table, or perhaps abfelitely, frat 
the body is at ref. However philofophers mutt not resect all 
diftinétion between true and apparent motions, any more qhan 
aftronomers do the diftinétion between true and vulgar time ; 
for there is as real a difference between them, _as will appear 
by the following confideration.  Suppofe all the bodies of 
the univerfe to have their courfes ftopped, and reduced to 
perfeét reft. Then fuppofe their prefent motions to be again 
reftored ; this cannot be done without an actual impreffion 
made upon fome of them at leaft. If any of them be 
left untouched, they will retain their former ftate, that is, 
fill remain at reft; but the other bodies, which are 
wrought upon, will have changed their former ftate of reft, 
for the contrary ftate of motion. Let us now fuppoft. the 
bodies left at reft to be annihilated, this will make no al- 
teration in the flate of the moving bodies; but the effec 
of the impreffion, which was made upon them, will ftill 
fubfift. This fhews the motion they received to be an ab- 
folute thing, and to have no neceflary dependence upon 
the relation which the body faid to be in motion has to any 
other body *. 






94. Brsipesabfolute and relative motion are diftiny with 
able by their Effe@ts. One effect of motion is, that bodies, 
when moved round any center or axis, acquire a certain 
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er, by which they forcibly prefs themfelves from that cen- 


téHtor axis of motion. As when a body is whirled about in a 
ig, the body preffes againft the fling, and is ready to fly 
out ds foon as liberty is given it. And this power is propor- 
tion4l to the true, not relative motion of the body round fuch 
acenter or axis. Of this Sir Isaac Niewron gives the fol- 
lowing inftance *. Ifa pail or fuch like veffel near full of wa- 
ter be fufpended by a ftring of fufficient length, and be turn- 
ed about till the ftring be hard twifted. If then as foon as the 
veffel and water in it are become ftill and at reft, the veffel be 
nimbly turned about the contrary way the ftring was twifted, 
the veffel by the ftrings untwifting it felf fhall continue its mo- 
tion a long time. And when the veffel farft begins to turn, the 
water in it fhall receive little or nothing of the motion of the 
veffel, but by degrees fhall receive a communication of mo- 
tion, till at laft it fhall move round as {wiftly as the veffel it 
elf. Now the definition of motion, which Des Cartas has 
given us upon this principle of making all motion meerly re- 
lative, is this: that motion, is a removal of any body from its 
vicinity to other bodies, which were in immediate contact 
with it, and are confidered as at reft>, And if this be com- 
pared with what he foon after fays, that there is nothing real 
or pofitive in the body moved, for the fake of which we 
afcribe mogicn to it, which is not to be found as well in the 
contiftious bodies, which are confidered as at reft ‘; it will 
follow from thence, that we may confider the veffel as at reft 
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and the water as moving in it: and the water in refped yw! / 
the veffel has the greateft motion, when the veffel firft beg 
toturn, and lofes this relative motion more and more, tbe { 
length it quite ceafes. But now, when the veffel fri) bagins 
to turn, the furface of the water remains fmooth and Ast 
before the veffel began to move; but as the motion «:/ the 
veflel communicates by degrees motion to the water, the fur- 
face of the water will be obferved to change, the water fub- 
fiding in the middle and rifing at the edges: which elevation 
of the water is caufed by the parts of it prefling from the axis,, 
they move about; and therefore this force of receding from 
the axis of motion depends not upon the relative motion of 
the water within the veffel, but on its abfolute motion ;_ for 
it is leaft, when that relative motion is greateft, and greateft,, 
when that relative motion is leaft, or none at all. 


9s. Tus the true caufe of what appears in the furtave. 
of this water cannot be affigned, without confidering the 
water's motion within the veffel. So alfo in the fyftem of the 
world, in order to find out the caufe of the planetary mo- 
tions, we muft know more of the real motions, which be- 
long to each planet, than is abfolutely neceffary for the ufes 
of aftronomy. If the aftronomer fhould fuppofe the earth to 
ftand fill, he could afcribe fuch motions to the cé¢Jeftial bo- 
dies, as fhould anfwer all the appearances; thougix2 would : 
not account for them in fo fimple a manner, as by atwibuting 
motion to the carth. But the motion of the earth muft,2° 
neceflity be confidered, before the real caufes, which a@‘uate 
the planetary fyftem, can be difcovered.. 
Gu ap. 
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Cuap. Ill. 
AF CENTRIPETAL FORCES. 


W' have juft been defcribing in the preceding chapter 
| the effects produced on a body in motion, from its 
being continually acted upon by a power always equal in 
{trength, and operating in parallel direGions*, But bodies 
may be aéted upon by powers, which in different places fhall 
have different degrees of force, and whofe feveral directions 
fhall be varioufly inclined to each other. The moft fim- 
ple of thefe in refpect to direction is, when the power is 
pointed conftantly to one center. This is truly the cafe of 
that power, whofe effects we defcribed in the foregoing chap- 
ter;“though the center of that power is fo far removed, that 
the fubjeét then before us is moft conveniently to be confider- 
ed in the light, wherein we have placed it: But Sir Isaac 
Newton has confidered very particularly this other cafe of 
powers, which are conftantly directed to the fame center. It 
is upon this foundation, that all his difcoveries in the fyftem 
of the world are raifed. And therefore, as this fubject bears 
fo very great a fhare in the philofophy, of which I am dif- 
_courfing, 7 think it proper in this place to take a fhort view 
of jome of the general effects of thefe powers, before we 
_gome to apply them particularly to the fyftem of the world. 
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2. Tuese powers or forces are by Sir Isaac NEw Tyg. 
called centripetal; and their firft effect is to caufe the box Mfopn 
which they aét, to quit the ftraight courfe, wherein i: wipuld 
proceed if undifturbed, and to defcribe an incurvated h 
which fhall always be bent towards the center of the,fagg 
It is not neceflary, that fuch a power fhould caufe the Bo 
to approach that center. The body may continue to recede 
from the center of the power, notwithftanding its being drawn 
by the power; but this property muft always belong to its 
motion, that the line, in which it moves, will continually be 
concave towards the center, to which the power is direéted. 
Suppofe A (in fig. 72.) to be the center of a force. Leta 
body in B be moving in the direétion of the ftraight line BC, 
in which line it would continue to move, if undifturbed; but 
being attraéted by the centripetal force towards A, the kody 
muft neceflarily depart from this line BC, and being drawti 
into the curve line BD, muft pafs between the lines AB ans 
BC. Itis evident therefore, that the body in B being gra- 
dually turned off from the ftraight line BC, it will at firft be 
convex toward the line BC, and confequently concave to- 
wards the point A: for thefe centripetal powers are fuppofed 
to be in ftrength proportional to the power of gravity, and, 
like that, not to be able after the manner of an impylfe to turn 
the body fenfibly out of its courfe into a different one itrazrin:- 
ftant, but to take up fome {pace of time in producing a vifi- 
ble effe&t. That the curve will always continue to have,ié 
concavity towards A may thus appear. In the line BC ear 
to B take any point as B, from which the line EF G may be fo 

drawn 
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:, «awn, as to touch the curve line B D in fome point as F. Now 

wien the body is come to F, if the centripetal power were im- 

medlately to be fufpended, the body would no longer conti- 

nue to move ina curve line, but being left to it felf would 

forthwith reaffume a ftraight courfe; and that ftraight courfe 

woul be in the line FG: for that line is in the direétion of 
the body’s motion at the point F. But the centripetal force. 
continuing its energy, the body will be gradually drawn from 

this line FG fo as to keep in the line ED, and make that line 

near the point F to be convex toward FG, and concave toward 

A. After the fame manner the body may be followed on in 

its courfe through the line BD, and every part of that line be 
fhewn to be concave toward the point A. 


3. Tuts .then is the conftant character belonging to thofe 
motisns, which are carried on by centripetal forces; that the 
une, wherein the body moves, is throughout concave towards 
the center of the force. In refpeét to the fucceflive diftances 
ef the body from the center there is no general rule to be laid 
down 3 for the diftance of the body from the center may ei- 
ther increafe, or decreafe, or even keep always the fame. The 
point A (in fig. 73.) being the center of a centripetal force, 
let a body at B fet out in the direction of the ftraight line BC 
perpendicular to the line AB drawn from Ato B. It will be. 
‘eafgecOficeived,. that there is no other point in the line BC fo. 
near to A, as the point B; that AB is the fhorteft of all the. 
Liey, which can be drawn from A to any part of the line BC; 
all other lines, as AD, or AE, drawn from A to the line BC. 


being longer than AB. Hence it follows, that the body fet~- 
ting . 
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ting out from B, if it moved in the line BC, it would recy€/: 
more and more from the point A. Now as the ope ratig, bf 
a centripetal force is to draw a body towards the confer of 
the force: if fuch a force act upon a refting body, it'muft 
neceffarily put that body fo into motion, as to caufe it to 
move towards the center of the force: if the body wre of 
it felf moving towards that center, the centripetal force 
would accelerate that motion, and caufe it to move fafter 
down: but if the body were in fuch a motion, as being left 
to itfelf it would recede from this center, it is not necef- 
fary, that the action of a centripetal power upon it fhould 
immediately compel the body to approach the center, from 
which it would otherwife have receded; the centripetal 
power is not without effeét, if it caufe the body to recede 
more flowly from that center, than otherwife it would have 
done. ‘Thus in the cafe before us, the fmalleft centripetal 
power, if it act on the body, will force it out of the line BC, 
and caufe it to pafs in a bent line between BC and the point 
A, as has been before explained. When the body, for in- 
ftance, has advanced to the line AD, the effect of the cen- 
tripetal force difcovers it felf by having removed the body out 
of the line BC, and brought it to crofs the line A D fome- 
where between A and D: fuppofe at F. Now AD being 
longer than AB, AF may alfo be longer than AB. The cen- 
tripetal power may indeed be fo ftrong, that ArMfhal] be 
fhorter than AB; or it may be fo evenly balanced with the 
progreffive motion of the body, that AF and AB fhall beqaf. 
equal: and in this laft cafe, when the centripetal force is of 
that ftrength, as conftantly to draw the body as much toward 
the 
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“she center, as the progreffive motion would carry it off, the 
body will defcribe a circle about the center A, this center of 
the force being alfo the center of the circle. 


4. Ir the body, inftcad of fetting out in the line BC per- 
pendicular to AB, had fet out in another line BG more in- 
clined towards the line A B, moving in the curve line BH ; 
then asthe body, if it were to continue its motion in the line 
BG, would for fome time approach the center A; the centri- 
petal force would caufe it to make greater advances toward 
that center. But if the body were to fet out in the line BI re- 
clined the other way from the perpendicular BC, and were to 
be drawn by the centripetal force into the curve line B K; the 
body, notwithftanding any centripetal force, would for fome 
time recede from the center; fince fome part at leaft of the 
curve line B K lies between the line B land the perpendicular BC, 


y. Tuus far we have explained fuch effedis, as attend 
every centripetal force. But as thefe forces may be very diffe- 
rent in regard to the different degrees of flrength, where- 
with they aét upon bodies in different places; I {hall now pro- 
ceed to make mention in general of fome of the differences 
attending thefe centripetal motions. 


6. Fo reaffume the confideration of the laft mentioned 
cafe. Suppofe a centripetal power directed toward the point 
A (in fig.74. ) toad on a body in B, which is moving in 
the direétion of the ftraight line BC, the line BC reclining 
off from AB. If from A the ftraight lines AD, AE, AF are 

R drawn 
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drawn at pleafure to the line CB; the line CB being prolon 
ed beyond B to G, it appears that AD is inclined to the hne 
GC more obliquely, than AB is inclined to it, AF 1s inclin- 
ed more obliquely than AD, and AF more thanAk. To 
{peak more correctly, the angle under A DG is lefs than that 
under ABG, the angle under AEG lefs than that under 
ADG, and the angle under AFG lefs than that under AEG. 
Now fuppofe the body to move in the curve line BHIK. 
Then it is here likewife evident, that the line BHIK be 
ing concave towards A, and convex towards the line BC, 
it is more and more turned off from the line BC; fo 
that in the point H the line AH will be lefs obliquely inclin- 
ed to the curve line BH 1K, than the fame line AH D is inclin- 
ed to BC at the point D ;_ at the point I the inclination of the 
line AI to the curve line will be more different from the in- 
clination of the {fame line ATE to the line BC, at the point £; 
and in the points K and F the difference of inclination will be 
ftill greater ; and in both the inclination at the curve will be 
lefS oblique, than at the ftraight line BC. But the ftraight 
line AB is lefs obliquely inclined to BG, than AD is inclined 
towards DG: therefore although the line AH be lefs oblique- 
ly inclined towards the curve H B, than the fame line AH D is 
inclined towards DG ; yet it is poflible, that the inclination 
at H may be more oblique, than the inclination at B. The in- 
clination at H may indeed be lefs oblique than the other, or 
they may be both the fame. This depends upon the degree 
of ftrength, wherewith the centripetal force exerts it felf, 
during the paflage of the body from Bto H. After the fame 
manner the inclinations at I and K depend entirely on the de- 

gree 
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‘gree of ftrength, wherewith the centripetal force ad's on the 
body in its paflage from H to K: if the centripetal force be 
weak enough, the lines AH and AI drawn from the center A 
to the body at H and at I fhall be more obliquely inclined to 
the curve, than the line AB is inclined towards BG. The cen- 
tripetal force may be of that ftrength as to render all thefe in- 
clinations equal, or if ftronger, the inclinations at I and kK 
will be lefs oblique than at B. Sir Isaac New on has par- 
ticularly fhewn, that if the centripetal power decreafes after 
a certain manner with the increafe of diftance, a body may 
defcribe fuch a curve line, that all the lines drawn from the 
center to the body fhall be equally inclined to that curve line *. 
But I do not here enter into any particulars, my prefent inten- 
tion being only to fhew, that it is poffible for a body to be 
aéted upon by a force continually drawing it down towards a 
center, and yet that the body fhall continue to recede from 
that center; for here as long as the lines AH, AI, &c drawn 
from the center A to the body do not become lefs oblique to 
the curve, in which the body moves; {fo long fhall thofe lines 
perpetually increafe, and conlequently the sie) fhall more 
and more recede from the center. 


4. But we may obferve farther, that if the centripetal 
power, while the body increafes its diftance from the center, 
retain fufficient ftrength to make the lines drawn from the 
center to the body to become at length lefs oblique to the 
curve ; then if this diminution of the obliquity continue, till 


* Princip. Philof. Lib. I. prop. 9. 
R2 at 
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at laft the line drawn from the center to the body fhall ceafé 
to be obliquely inclined to the curve, and fhall become per- 
pendicular thereto; from this inftant the body fhall no longer 
recede from the center, but in its following motion it fhall 
again defcend, and fhall defcribe a curve line in all refpects 
like to that, which it has defcribed already; provided; the 
centripetal power, every where at the fame diftance from the 
center, acts with the fame ftrength. So we obferved in the 
preceding chapter, that, when the motion of a projectile be- 
came parallel to the horizon, the projectile no longer afcend- 
ed, but forthwith directed its courfe downwards, defcending 
in a line altogether like that, wherein it had before aicended*. 


8. Tuts return of the body may be proved by the fol- 
lowing propofition: that if the body in any place, fuppofe at 
I, were to be ftopt, and be thrown directly backward with the 
velocity, wherewith it was moving forward in that point 1; 
then the body, by the adtion of the centripetal force upon it, 
would move back again over the path 1H B, in which it had 
before advanced forward, and would arrive again at the point 
B in the fame fpace of time, as was taken up in its paflage 
from B to1; the velocity of the body at its return to the point 
B being the fame, as that wherewith it firft fet out from that. 
point. To give a full demonftration of this propofition, 
would require that ufe of mathematics, which I here- pur- 
pofe to avoid; but, I believe, it will appear in great meafure 
evident from the following confiderations. 


a § 92 
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9. Suppose (in fig. 75.) that a body were carried after 
the following manner through the bent figure ABCDEF; 
compofed of the ftraight lines AB, BC, CD, DE, EF. Firft 
let it be moving in the line AB, from A towards B, with any 
uniform velocity. At B let the body receive an impulfe di- 
rected toward fome point, as G, taken within the concavity 
of the figure. Now whereas this body, when once moving 
in the ftraight line AB, will continue to move on in this line, 
fo long as it fhall be left to it felf; but being difturbed at the 
point B in its motion by the impulfe, which there aéts upon 
it, it will be turned out of this line A B into fome other ftraight 
line, wherein it will afterwards continue to move, as long as it 
fhall be left to itfelf. Therefore let this impulfe have ftrength 
fufficient to turn the body into the-line BC.. Then let the 
body move on undifturbed from B to C, but at Clet it receive 
another impulfe pointed toward the fame point G, and of fuf- 
ficient ftrength to turn the body into the line CD... At D let 
a third impulfe, directed like the reft to the point. G,. turn the 
body into the line DE. And at E let another impulfe, direé- 
ed likewife to the point G, turn. the body into the line EF.. 
Now, I fay; if the body while moving in the line EF’ 
be ftopt, and turned back again in this The with the fame: 
velocity, as that wherewith it was moving forward in this line; 
then by the repetition.of the former impulfe atE the body wil 
be turned into the line ED, and move init from E to D with 
the fame velocity as before it moved with from D to E;, by 
the repetition of the impulfe at D,. when the. body hall 
have returned to that point, it will be turned into the line: 
DC; and by the repetition of the other impulfes at C and B: 

3. the: 
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the body will be brought back again into the line B A, with 
the velocity, wherewith it firft moved in that line. 


10. TuisI prove as follows. Let DE and £ E be conti- 
nued beyond F! In DE thus continued take at pleafure the 
length EH, and let HI be fo drawn, as to be equiciftant from 
the line GE. Then, by what has been written upon the fe- 
cond law of motion *, it follows, that after the impulfe on 
the body in £ it will move through £1 in the fame time, as 
it would have imployed in moving from E to H, with the ve- 
locity which it had in the line DE. In FE prolonged take 
EK equal to EI, and draw K 1. equidiftant fromGE. Then, 
becaufe the body is thrown back in the line F E with the fame 
velocity as that wherewith it went forward in that line; if, 
when the body was returned to E, it were permitted to go 
ftraight on, it would pafs through EK in the fame time, as it 
took up in pafling through EJ, when it went forward in the 
line EF. But, if at the bedy’s return to the point E, fuch an 
impulfe directed toward the point D were to be given it, where- 
by it fhould be turned into the line DE; J fay, that the 
impulfe neceflary to produce this effect muft be equal to 
that, which turned the body out of the line DE into BF; 
and that the velocity, with which the body will return into 
the line ED, is the fame, as that wherewith it before moved 
through this line from Dto H. Becaufe EK is equal to E1, and 
KL and H1, being cach equidiftant from GB, are by confe- 
quence equidiftant from each other ; it follows, that the two 


* Ch Il. § 22. 
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triangular figures [EH and K BI. are altogether like and equal 
to each other. If I were writing to mvnneiee I aah 
refer them to fome propofitions in the elements of Euciip 
for the proof of this *: but as I do not here addrefs my {elf to 
fuch, {oI think this affertion will be evident‘enough without 
a proof in form ; at leaft I muft defire my readers to receive 
it as a propofition true in geometry. But thefe two triangu- 
lar figures being altogether like cach other and equal; as EK 
is eel to El, fo ELis equal to EH, and KL equal to HL 

Now the body after its return to E being turned out of the line 
F E into ED by an impulfe aGing upon it in E, after the man- 
ner above exprefled; the body will receive fuch a velocity by 
this impulfe, as will carry it through £1. in the fame time, as it 
would have imployed in pafling through EK, if it had gone 
on in that line undifturbed. And it has already been obferv~ 
ed, that the time, in which the body would pafs over EK 
with the velocity wherewith it returns, is cqual to the time 
it took up in going forward from F to 1; that is, equal to the 
time, in which it would have gone through EH with the ve- 
locity, wherewith it moved from D toE. Thercfore the time, 
in which the body will pafs througli EL after its return into 
the line ED, is the fame, as would have been taken up by 
the body in paffing through EH with the velocity, where- 
with the body firft moved in the line DE. Since therefore 
EL and EH are equal, the body returns into the line DE with 
the velocity, which it had before in that line. Again I fay, 

the fecond impulfe in E is cqual to the firft. By what has 


@ Viz, L. I. prop. 30, 29, & 25. 
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been faid on the fecond law of motion concerning the effect of 
‘oblique impulfes*, it will be underftood, that the impulfe in E, 
whereby the body was turned out of the line DE into the line 
EF, isof fuch ftrength, that if the body had been at reft, 
when this impulfe had acted upon it, this impulfe would have 
communicated fo much motion to the body, as would have 
carried it through a length equal to HI, in the time wherein 
the body would have pafled from E to H, or in the time 
‘wherein it paffed from Eto I. In the fame manner, on the re- 
turn of the body, the impulfe in E, whereby the body is turn- 
ed out of the line FE into ED, is of fuch ftrength, that if it 
had aéted on the body at reft, it would have caufed the body 
to move through a length equal to KL, in the fame time, as 
the body would imploy in paffing through E K with the velo- 
city, wherewith it returns in the line FE. Therefore the fe- 
cond impulfe, had it aéted on the body at reft, would have 
ccaufed it to move through a length equal to KL in the fame 
fpace of time, as would be taken up by the body in paffing 
through a length equal to HJ, were the firft impulfe to a& on 
the body when at reft. That is, the effects of the firft and 
fecond impulfe on the body when at reft would be the fame; 
for KL and HI are equal: confequently the fecond impulfe 
is equal to the firft. 


11. Tus if the body be returned through FE with the 
velocity, wherewith it moved forward ; we have fhewn how 
by the repetition of theimpulfe, which acted on it at B, the 
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body will return again into the line DE with the velocity, 
which it had before in that line. By the fame procefs of rea- 
foning it may be proved, that, when the body is returned 
back to D, the impulfe, which before aéted on the body at 
that point, will throw the body into the line DC with the ve- 
locity, which it firft had in that line; and the other impulfes 
being fucceflively repeated, the body will at length be brought 
back again into the line BA with the velocity, wherewith it 
fet out in that line. 


12. Tuus thefeimpulfes, by a€ting over again in an invert- 
ed order all their operation on the body, bring it back again 
through the path, in which it had proceeded forward. And 
this obtains equally, whatever be the number of the ftraight 
lines, whereof this curve figure is compofed. Now by a me- 
thod of reafoning, which Sir Isaac Newron makes great 
ufe of, and which he introduced into geometry, thereby 
greatly inriching that fcience *; we might make a tranfition 
from this figure compofed of a number of ftraight lincs to a 
figure of one continued curvature, and from a number of fe- 
parate impulfes repeated at diftinét intervals to a continual 
centripetal force, and fhew, that, becaufe what has been 
here advanced holds univerfally true, whatever be the nun- 
ber of ftraight lines, whercof the curve figure ACF is com- 
pofed, and howfoever frequently the impulfes at the angles of 
this figure are repeated; therefore the fame will {till remain 
true, although this figure fhould be converted into onc of a 
continued curvature, and thefe diftin@ impulfes fhould be 


* viz. His doctrine of prime and ultimate ratios. 
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changed into a continual centripetal force. But as the explain- 
ing this method of reafoning is foreign to my prefent defign ; 
fo T hope my readers, after what has been faid, will find no 
difficulty in receiving the propofition laid down above: that, if 
the body, which has moved through the curve line B HI (in fig. 
74.) from B to I, when it is come to I, be thrown direétly back 
with the fame velocity as that, wherewith it proceeded forward, 
the centripetal force, by acting over again all its operation on 
the body, fhall bring the body back again in the line [HB: 
and as the motion of the body in its courfe from B to I was eve- 
ry where in fuch a manner oblique to the line drawn from the 
center to the body, that the centripetal power acted in fome 
degree againft the body’s motion, and gradually diminithed it; 
fo in the return of the body, the centripetal power will every 
where draw the body forward, and accelerate its motion by 
the fame degrees, as before it retarded it. 


13. Tuts being agreed, fuppofe the body in K to have the 
line.A K no longer obliquely inclined to its motion. In this cafe, 
if the body be turned back, in the manner we have been con- 
fidering, it muft be directed back perpendicularly to AK; 
But if it had proceeded forward, it would likewife have mov- 
ed in a direction perpendicular to AK ; confequently, whe- 
ther it move from this point K backward or forward, it mutt 
defcribe the fame kind of courfe. Therefore fince by being 
turned back it will go over again the line KIHB; if it be per- 
mitted to go forward, the line KL, which it fhall defcribe, | 
will be altogether fimilar to the line KH B. 


4. In 
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14. In like manner we may determine the nature of the 
motion, if the line, wherein the body fets out, be inclined (as 
in fig. 76.) down toward the line BA drawn between the 
body and the center. If the centripetal power fo much in- 
creafes in ftrength, as the body approaches, that it can bend 
the path, in which the body moves, to that degree, as to caufe 
all the lines as AH, AI, AK to remain no lefs oblique to the 
motion of the body, than AB is oblique to BC; the body 
fhall continually more and more approach the center. But 
if the centripetal power increafes in fo much lefs a degree, as 
to permit the line drawn from the center to the body, as it ac- 
companies the body in its motion, at length to become more 
and more crect to the curve wherein the body moves, and in 
the end, fuppofe at K, to become perpendicular thereto; from 
that time the body fhall rife again. This is evident from what 
has been faid above; becaufe for the very fame reafon here alfo 
the body fhall proceed from the point K to defcribe a line alto- 
gether fimilar to the line, in which it has moved from B to k. 
Thus,as it was obferved of the pendulum in the preceding chap- 
ter’, that all the time it approaches towards being perpendicu- 
lar to the horizon, it more and more defcends ; but, as foon as it 
is come into that perpendicular fituation, it immediately rifes 
again by the fame degrees, as it defcended by before: fo here 
the body more and more approaches the center all the time it 
is moving from Bto K; but thence forward it rifes from the 
center again by the f fen degrees, as it approached by before. 


§ 57. 
S 2 1s. Ir 
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1. Ir (in fig.77.)the line B C be perpendicular to AB ; then 
it has been obferved above *, that the centripetal power may 
be {0 balanced with the progreffive motion of the body, that 
the body may keep moving round the center A conftantly at 
the fame diftance ;_ as a body does, when whirled about any 
point, to which it istyed by a ftring. If the centripetal power 
be too weak to produce this effect, the motion of the body 
will prefently become oblique to the line drawn from itfelf to 
the center, after the manner of the firft of the two cafes, 
which we have been confidering. If the centripetal power. 
be ftronger, than what is required to carry the body in a cir- 
cle, the motion of the body will prefently fall in with the fe- 
cond of the cafes, we have been confidering. 


16. Ir the centripetal power fo change with the change of 
diftance, that the body, after its motion has become oblique 
to the line drawn from itfelf to the center, fhall again become 
perpendicular thereto; which we have fhewn to be poflible 
in both the cafes treated of above ; then the body fhall in its 
fubfequent motion return again to the diftance of AB, and 
from that diftance take a courfe fimilar to the former: and 
thus, if the body move in a fpace free from all refiftance, 
which has been here all along fuppofed ; it thall continue in 
a perpetual motion about the center, defcending and afcend- 
ing alternately therefrom. If the body fetting out from B (in 
fig.78.) in the line BC perpendicular to AB, defcribe the line 
BDE, which in D fhall be oblique to the line AD, butin & 


§ 3. 
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fhallagain become ereét to AE drawn from the body in E to the 
center A; then from this point E the body fhall defcribe the 
line EFG altogether like to the line BDE, and at G fhall be 
at the fame diftance from A, as it wasat B. But likewife the 
line AG fhall be ereét to the body’s motion: Therefore the 
body fhall proceed to defcribe from G the line GHI altoge- 
ther fimilar to the line GFE, and at I have the fame diftance 
from the center, as it had at E; and alfo have the line AI erect 
to its motion: fo that its following motion mutt be in the line 
IKL fimilar tolHG, and the diftance AL equalto AG. Thus 
the body will go on in a perpetual round without ceafing, al- 
ternately inlarging and contracting its diftance. from the center.. 


17. Irit fo happen, that the point E fall upon the line BA 
continued Beyond A; then the point G will fall on B, Ion E,. 
and L alfoon B; fo that the body will defcribe in this cafe a. 
fimple curve line round the center A, like the line BDEF in 
fig. 79, in which it will continually revolve from B to EB. 
and from E to B without end. 


18. Ir AE in fig. 78 fhould happen to be perpendicular 
to AB, in this cafe alfo a fimple line will be defcribed ; for the 
point G will fall on the line BA prolonged beyond A, the 
point I on the line AE prolonged beyond A, and the point L 
on B: fo that the body will defcribe a line like the curve line 
BEGI in fig. 80, in which the oppofite points B and G. 
are equally diftant from A, and the oppofite points E and 1. 
are alfo equally diftant frem the fame point A. 


19.. Is 
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1g. In -other cafes the line defcribed will have a more 
complex figure. 


20. Tuus we have endeavoured to fhew how a body, 
while itis conftarttly attracted towards a center, may notwith- 
ftanding by its progreffive motion keep it {elf from falling 
down to that center; but defcribe about it an endlefs circuit, 
fometimes approaching toward that center, and at other 
times as much receding from the fame. 


21. Bur here we have fuppofed, that the centripetal power 
is of equal ftrength every where at the fame diftance from the 
center. And this is the cafe of that centripetal power, which 
will hereafter be fhewn to be the caufe, that keeps the planets 
in their courfes. But a body may be kept on in a perpetual 
circuit round a center, although the centripetal power have 
not this property. Indeed a body may by a centripetal force 
be kept moving in any curve line whatever, that fhall have its 
concavity turned every where towards the center of the force. 


22. To make this evident I fhall firft propofe the cafe of a 
body moving through the incurvated figure ABCDE (in fig.8 1.) 
which is compofed of the ftraight lines A B, BC, CD, DE, and 
EA; the motion being carried on in the following manner. 
Let the body firft move in the line A B with any uniform velo- 
city. When it is arrived at the point B, let it receive an im- 
pulfe direéied toward any point F taken within the figure ; 
and let the impulfe be of that ftrength as to turn the body out 
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of the line AB into the line BC. The body after this im 
pulfe, while left to itfelf, will continue moving in the line BC, 
At C let the body receive another impulfe directed towards 
the fame point F, of fuch ftrength, as to turn the body from 
the line BC into the line CD. At D let the bady by another 
impulfe, directed likewife to the point F, befurned out of the 
line CDinto DE. And at E let another impulfe, directed to- 
ward the point F, turn the body from the line DE into EA. 
Thus we fee how a body may be carried through the figure 
ABCDE by certain impulfes direéted always toward the fame 
center, only by their acting on the body at proper intervals, 


and with due degrees of ftrength. 


23. Bur farther, when the body is come to the point A, if 
it there receive another impulfe directed like the reft toward the 
point F, and of fuch a degree of ftrength as to turn the body 
into the line AB, whercin it farft moved ; I fay that the body 
fhall return into this line with the fame velocity, as it had at firft. 


24. Let AB be prolonged beyond B at pleafure, fuppofe to 
G; and from G let GH be drawn, which if produced fhould 
always continue equidiftant from BF, or, according to the 
more ufual phrafe, let GH be drawn parallel to BF. Then 
it appears, from what has been faid upon the fecond law of 
motion’, thatin the time, wherein the body would have moved 
from B to G, had it not received a new impulfe in B, by the 
means of that impulfe it will have acquired a velocity, which 
will carry it from BtoH. After the fame manner, if CI be 


2 Ch. 2. § 22. taken 
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taken equal to BH, and 1K be drawn equidiftant from or pa- 
tallel to CF; the body will have moved from C to K with the 
velocity, which it has in the line CD, in the fame time, as it 
would have employed in moving from CtoI with the velocity, 
it had inthe lixe BC. Therefore fince CI and BH are equal, 
the body will maye through CK in the fame time, as it would 
have taken up in moving from B to G with the original velo- 
city, wherewith it moved through the line AB. Again, DE 
being taken equal to CK and LM drawn parallel to DF; for 
the fame reafon as before the body will move through DM with 
the velocity, which it has in the line DE, in the fame time, 
as it would imploy in moving through BG with its original ve- 
locity. In the laft place, if EN be taken equal to D M, and 
NO be drawn parallel to EF; likewife if AP be taken cqual 
to £0, and PQ be drawn parallel to AF: then the body with 
the velocity, wherewith it returns into the line AB, will pafs 
through A Qin the fame time, as it would have imployed in 
pafling through BG with its original velocity. Now as all 
this follows direétly from what has above been delivered, con- 
cerning the effect of oblique impulfes impreffed upon bodies 
in motion; fo we muft here obferve farther, that it can be 
proved by geometry, that AQ will always be equal to BG. 
The proof of this I am obliged, from the nature of my pre- 
fent defign, to omit ; but this geometrical propofition being 
granted, it follows, that the body has returned into the line 
AB with the velocity, which it had, when it firft moved in 
that line; for the velocity, with which it returns into the line 


AB, will carry it over the line AQ in the fame time, as would 
3 have 
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have been taken up in its pafling over an equal line BG with 
the original velocity. 


25. T Hus wehave found, how a body may be carried round 
the figure ABC DE by the action of certain impulfes upon it, 
which fhould all be pointed toward one opie: And we like- 
‘wife fee, that when the body is brought back again to the 
point, whence it firft fet out ; if it there meet with an im- 
pulfe fufficient to turn it sont into the line, wherein it mov- 
ed at firft, its original velocity will be again reftored ; and by 
the repetition of the fame impulfes, the body will be carried 
again in the fame round. Therefore if thefe impulles, which 
act on the body at the points B,C,D,E, and A, continue al- 
ways the fame, the body will make round this figure innu- 


merable revolutions. 


26. ‘Cue proof, which we have here made ufe of, holds the 
fame in any number of ftraight lines, whereof the figure A BD 
fhould be compofed ; and therefore by the method of reafoning 
referred to above * we are to conclude, that what has here 
been faid upon this rectilinear figure, will remain true, if this 
figure were changed into one of a continued curvature, and 
inftead of diftin& impulfes a€ting by intervals at the angles of 
this figure, we had a continual centripetal force. We have 
therefore fhewn, that a body may be carried round in any 
curve figure ABC (fig. 82.) which fhall every where be 
concave towards any one point as D, by the continual aétion 
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of a centripetal power directed to that point, and when it is 
returned to the point, from whence it fet out, it fhall recover 
again the velocity, with which it departed from that point. 
It is not indeed always neceflary, that it fhould return again 
into its firft courf&; for the curve line may have fome fuch 
figure as the line ARCDBE in fig. 83. In this curve line, 
if the body fet out from B in the direftion BF, and meved 
through the line BCD, till it returned to B; here the body 
would not enter again into the line BCD, becaufe the two 
parts BD and BC of the curve line make an angle at the point 
B: fo that the centripetal power, which at the point B could 
turn the body from: the line BF into the curve, will not be 
able to turn the body into the line BC from the direétion, in 
which it returns to the point B; a forceable impulfe muft be 
given the body in the point B to produce that effect. 


27.. Irat the point B, whence the body fets out, the curve 
line return into it felf (asin. fig, 823.) then the body, up- 
en its arrival again at B, may return into its former courfe, 
and thus make an endlefs circuit about the.center of the cen-- 
tripetal power.. 


28. Waar has here been faid, I hope, will in fome mea- 
fare enable my readers to form a juft idea of the. nature of 
thefe centripetal motions.. 


29. I Have not attempted to fhew, how to find particular 
ly, what kind of centripetal force is neceflary to carry a body in. 
any curve line propofed. This is to be deduced from the de-~ 

gree. 
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gree of curvature, which the figure has in each point of it, 
and requires a long and complex mathematical reafoning, 
However I fhall {peak a little to the firft propofition, which 
Sir Isaac Nzwron lays down for this purpofe. By this 
propofition, when a body is found moving/in a curve line, it 
may be known, whether the body be képt in its courfe by a 
power always pointed toward the fame center ; and if it be fo, 
where that center is placed. The propofition is this: that if 
a line be drawn from fome fixed point to the body, and re- 
maining by one extream united to that point, it be carried 
round along with the body; then, if the power, whereby 
the body is kept in its courfe, be always pointed to this fixed 
point as a center, this line will move over equal {paces in equal 
portions of time. Suppofe a body were moving through the 
curve line ABCD (in fig.84.) and paffed over the arches AB, 
BC, CD in equal portions of time; then if a point, as B, can 
be found, from whence the line E A being drawn to the body 
in A, and accompanying the body in its motion, it fhall make 
the fpaces EAB, EBC, and ECD equal, over which it paf- 
fes, while the body defcribes the arches AB, BC, and CD: 
and if this hold the fame in all other arches, both great and 
fmall, of the curve line ABCD, that thefe {paces are always 
equal, where the times are equal; then is the body kept in 
this line by a power always pointed to E as a center. 


30. Tux principle, upon which Sir Isaac New on has 
demontftrated this, requires but {mall skill in geometry tocom- 
prehend. I fhall therefore take the liberty to clofe the pre- 
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of a centripetal power directed to that point, and when it is 
returned to the point, from whence it fet out, it {hall recover 
again the velocity, with which it departed from that point. 
It is not indeed always neceflary, that it fhould return again 
into its firft courf&; for the curve line may have fome fuch 
figure as the line ARCDBE in fig. 83. In this curve line, 
if the body fet out from B in the direction BF, and mcved 
through the line BCD, till it returned to B; here the body 
would not enter again into the line BCD, becaufe the two 
parts BD and BC of the curve line make an angle at the point 
B: fo that the centripetal power, which at the point B could 
turn the body from the line BF into the curve, will not be 
able to turn the body into the line BC from the dire@tion, in 
which it returns to the point B; a forceable impulfe muft be 
given the bady in the point B to produce that effect. 


27. [rat the point B, whence the body {ets out, the curve 
Kine return into it felf (asin fig. 82 ;.) then the body, up- 
en its arrival again at B, may return into its former courfe, 
and thus make an endlefs circuit about the center of the cen-. 
tripetal power.. 


28. Wuar has here been faid, I hope, will in fome mea- 
fure enable my readers to form a juft idea of the. nature of 
thefe centripetal motions. 


29. 1 Have not attempted to fhew, how to find particular- 
ly, whatkind of centripetal force is neceffary to carry a body in 
any curve line propofed. This is to be deduced from the de- 
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gree of curvature, which the figure has in each point of it, 
and requires a long and complex mathematical reafoning, 
However I fhall fpeak a little to the firft propofition, which 
Sir Isaac NewTon lays down for this purpofe. By this 
| propofition, when a body is found moving/in a curve line, it 
may be known, whether the body be képt in its courfe by a 
power always pointed toward the fame center ; and if it be {o, 
where that center is placed. The propofition is this: that if 
a line be drawn from fome fixed point to the body, and re- 
maining by one extream united to that point, it be carried 
round along with the body; then, if the power, whereby 
the body is kept in its courfe, be always pointed to this fixed 
point as a center, this line will move over equal {paces in equal 
portions of time. Suppofe a body were moving through the 
curve line ABCD (in fig.84.) and paffed over the arches AB, 
BC, CD in equal portions of time; then if point, as E, can 
be found, from whence the line EA being drawn to the body 
in A, and accompanying the body in its motion, it fhall make 
the fpaces EAB, EBC, and ECD equal, over which it paf- 
fes, while the body defcribes the arches AB, BC, and CD: 
and if this hold the fame in all other arches, both great and 
fmall, of the curve line ABCD, that thefe {paces are always 
equal, where the times are equal; then is the body kept in 
this line by a power always pointed to E as a center. 


30. Tux principle, upon which Sir Isaac New on has 
demonftrated this, requires but {mall skill in geometry tocom- 
prehend, I fhall therefore take the liberty to clofe the pre- 
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fent chapter with an explication of it; becaufe fuch an exam- 
ple will give the cleareft notion of our author’s method of ap- 
plying mathematical reafoning to thefe philofophical fubjets. 


31. He reafongthus. Suppofea body fet out from the point 
A (in fig. 85.) ae in the ftraight line AB; and after it 
had moved for fome time in that line, it were to receivw.an 
impulfe directed to fome point as C. Let it receive that im- 
pulfe at D; and thereby be turned into the line DE; and let 
the body after this impulfe take the fame length of time in 
pafling from D to E, as it imployed in the paffing from A to 
D. Then the ftraight linesC A, CD, and CE being drawn, 
Sir Isaac NewTon proves, that the and triangular {paces 
CAD and CDE are equal. This he does in the following 
manner. 


32. Let EF bedrawn parallel toCD. Then, from what has 
been faid upon the fecond law of motion ’, it is evident, that 
fince the body was moving in the line AB, when it received 
the impulfe in the direG@ion DC; it will have moved after 
that impulfe through the line DE in the fame time, as it would 
have taken up in moving through DF, provided it had re- 
ceived no difturbance in D. But the time of the body’s mov- 
ing from D to E is fuppofed to be equal to the time of itsmov- . 
ing through AD; therefore the time, which the body would 
have imployed in moving through DF, had it not been di- 
fturbed in D, is equal to the time, wherein it moved through 
AD: confequently DF is equal in length to AD; for if the 
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body had gone on to move through the line AB without in- 
terruption, it would have moved through all parts thereof 
with the fame velocity, and have paffed over equal parts of 
that line in equal portions of time. Now CF being drawn, 
fince A Dand D F are equal, the triangular {pace C DF is equal 
to the triangular fpace CAD. Farther,’ the line EF being 
pad to CD, it is proved by Eucuip, that the triangle 
CED is equal to the triangle CFD *: therefore the triangle 
CED is equal to the triangle CAD. 


33. Arrer the fame manner, if the body receive at E ano- 
ther impulfe directed toward the point C, and be turned by 
that impulfe into the line EG ; if it move afterwards from E to 
Gin the fame {pace of time, as was taken up by its motion from 
D to E, or from Ato D; then CG being drawn, the triangle 
CEG is equal to CDE. A third impulfe at G directed as the 
two former to C, whereby the body fhall be turned into-the 
line GH, will have alfo the like effe& with the reft. If the 
body move over GH in the fame time, as it took up-m mov- 
ing over KG, the triangle CGH will be equal to the triangle 
CEG. Laftly, if the body at H be turned by a frefh impulfe- 
dire&ted toward C into the line HI, and at J by another im-. 
pulfe direéted alfo to C be turned into the line IK; and if the 
body move over each of the lines HI, and 1K in the fame 
time, as it imployed in moving over each of the preceding 
lines AD, DE, EG, and GH: then each of the triangles 
CHI, and CLK will be equal to each of the preceding. Like- 


3 Elem, Book I. p. 37. 
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wife as the time, in which the body moves over ADE, is 
equal to the time of its moving over EGH, and to the time 
of its moving over HIK; the fpace CADE will be equal to 
the fpace CEGH, and to the fpace CHIK. In the fame 
manner as the time, in which the body moved over ADEG 
is equal to the time Of its moving over GHIK, fo the Jfpace 
CADEG will be equal to the fpace CGHIK. 


34. Fromthis principle Sir I's aa cNe wT on demonftrates 
the propofition mentioned above, by that method of arguing 
introduced by him into geometry, whereof we have before 
taken notice *, by making according to the principles of that 
method a tranfition from this incurvated figure compofed of 
ftraight lines, to a figure of continued curvature; and by 
fhewing, that fince equal {paces are defcribed in equal times 
in this prefent figure compofed of ftraight lines, the fame re- 
lation between the {paces defcribed and the times of their de- 
{cription will alfo have place in a figure of one continued 
curvature. He alfo deduces from this propofition the reverfe 
of it; and proves, that whenever equal fpaces are continu- 
ally defcribed ; the body is acted upon by a centripetal force 
directed to the center, at which the fpaces terminate. 


a§ 12. 
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Cuap. IV. 
Of the RESISTANCE of FLUIDS. 


JEP ORE the caufe can be difcovered, which keeps the 
f-@ planets in motion, it is neceflary firft to know, whe- 
ther the fpace, wherein they move, is empty and void, or fil- 
led with any quantity of matter. It has been a prevailing 
opinion, that all {pace contains‘in it matter of fome kind or 
other; fo that where no fenfible matter is found, there was 
yet a fubtle fluid fubftance by which the {pace was filled up; 
even fo as to make an abfolute plenitude. In order to exa- 
mine this opinion, Sir Isaac Nsewron has largely confi- 
dered the effeéts of fluids upon. bodies moving in them. 


2. Tuese effects he has reduced under thefe three heads, 
In the firft place he fhews how to determine in what manner 
the refiftance, which bodies fuffer, when moving in a fluid, 
gradually increafes in proportion to the fpace, they defcribe 
in any fluid; to the velocity, with which they defcribe it 5 
and to the time they have been in motion. Under the fe- 
cond head he confiders what degree of refiftance different 
bodies moving in the fame fluid undergo, according to the 
different proportion between the denfity of the fluid and the 
denfity of the body. The denfities of bodies, whether fluid 
or folid, are meafured by the quantity of matter, which is 


comprehended under the fame magnitude ; that body being 
the 
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the moft denfe or compaét, which under the fame bulk con- 
tains the greateft quantity of folid matter, or which weighs 
moft, the weight of every bedy being obferved above to be 
proportional to the quantity of matter in it*, Thus water is 
more denfe than cork or wood, iron more denfe than water, 
and gold than iron, The third particular Sir IssNewr on 
confiders concerning the refiftance of fluids is the influence, 
which the diverfity of figure in the refifted body has upon'its 


refiftance. 


3. For the more perfect illuftration of the firft of thefe 
heads, he diftin@ly fhews the relation between all the parti- 
culars fpecified upon three different fuppofitions. ‘The farft 
is, that the fame body be refifted-more or lefs in the fimple 
proportion to its velocity ; fo that if its velocity be doubled, 
its refiftance fhall become threefold. The fecond is of the 
refiftance increafing in the duplicate proportion of the velo- 
city ; fo that, if the velocity of a body be doubled, its refi- 
ftance fhall be rendered four times; and if the velocity be 
trebled, nine times as great as at firft. But what is tobe un- 
derftood by duplicate proportion has been already explain- - 
ed® The third fuppofition is, that the refiftance increffes 
partly in the fingle proportion of the velocity, and partly in 
the duplicate proportion thereof. 


4. Iw all thefe fuppofitions, bodies are confidered under 
two refpedts, either as moving, and oppofing themfelves 
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againft the fluid by that power alone, which is effential to 
them, of refifting to the change of their ftate from reft to 
motion, or from motion to reft, which we have above cal- 
led their power of inactivity ; or elfe, as defcending or af- 
cending, and fo having the power of gravity combined with 
that other power. Thus our author has fhewn in all thofe 
thre&tuppofitions, in what manner bodies are refifted in an 
uniform fluid, when they move with the aforefaid progreffive 
motion*; and what the refiftance is, when they afcend or 
defcend perpendicularly *. And if a body afcend or defcend 
obliquely, and the refiftance be {ingly proportional to the ve- 
locity, it is hewn how the body is refifted in a fluid of an uni- 
form denfity, and what line it will defcribe 5, which is de- 
termined by the meafurement cf the hyperbola, and ap- 
pears to be no other than that line, firft confidered in par- 
ticular by Dr. Barrow‘, which isnow commonly known 
by the name of the logarithmical curve. In the fuppo- 
fition that the refiftance increafes in the duplicate propor- 
tion of the velocity, our author has not given us the line 
which would be defcribed in an uniform fluid; but has in- 
ftead thereof difcuffed a problem, which is in fome fort the 
reverfe ; to find the denfity of the fluid at all altitudes, by 
which any given curve line may be defcribed ;_ which pro- 
blem is fo treated by him, as to be applicable to any kind of 
refiftance whatever *. But here not unmindful of praétice, 
he fhews that a body ina fluid of uniform denfity, like the 
cohen PT ee oe es 
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air, will defcribe a line, which approaches towards an hy- 


perbola; . that is, its'motion will be nearer to that curve line 
than'to the parabola. And confequent upon this remark, he 
fhews how to:determine this-hyperbola by experiment, and 
bricfly refolves the chief of thofe problems relating to p: 0 
ctiles, which are in ufe in the art of gunnery, in this curve’ 

as TORRICELLI and others have done in-the pare Pee. 


whofe inventions havexbeen explained at large above 


Sy: Or ur author has alfo handled diftin@ly that particu- 
lar fort of motion, which is defcribed by pendulums*; and 
has likewife confidered fome few cafes of bodies moving in 
refifting fluids round a center, to which they are impelled by 
a centripetal force, in order to give an idea of thofe kinds of 
motions © 


6. Tue treating of the refiftance of pendulums has giv- 
en him an opportunity of inferting into another part of 
his work fome fpeculations upon the motions of them with- 
out refiftance, which have a very peculiar elegance 3 whe-- 
in he treats of them as moved by a gravitation ating in 
the law, which he fhews to belong \to-the earth below-its 
furface‘ ; performing in this kind of. gravitation, where the 
force is proportional to the diftance from the center, all that 
Huycens had before done in the common fuppofition of 
its being uniform, and acting in parallel lines &.. 


4 Torre me Lib.IT prop to. in {cho ies pede 
Torri le motu graviunr, B.I as tife. 
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~. Huycens at the end of his treatife of the caufe of 
gravity* informs us, that he likewife had carried his {pecu- 
lations on the firft of thefe fuppofitions, of the refiftance in 
fluids being proportional to the velocity of the body, as far as 
our authors But finding by experiment that the fecond was 
mong genformable to nature, he afterwards made fome pro- 
‘at fin that, till he was ftopt, by not being able to execute to his 
wifh what related to the perpendicular defcent of bodies; not 
obferving that the meafurement of the curve line, he made 
ufe of to explain it by, depended on the hyperbola. Which 
overfight may well be pardoned in that great man, confi- 
dering that our author had not been pleafed at that time to 
communicate to the publick his admirable difcourfe of the 
QUADRATURE OF MEASUREMENT OF CURVE LINES, with which he 
has fince obliged the world: for without the ufe of that 
treatife, it is I think no injury even to our author’s unparal- 
leled abilities to believe, it would not have been eafy for 
himfelf to have fucceeded fo happily in this and many other 
parts of his writings. 


cy Wuat Huycens found by experiment, that bodies 
were in reality refifted in the duplicate proportion of their ve- 
locity, agrees with the reafoning of our author’, who diftin- 
guifhes the refiftance, which fluids give to bodies by the tena- 
city of their parts, and the friction between them and the bo- 
dy, from that, which arifes from the power of inactivity, with 
which the conftituent particles of fluids are endued like all 


® Dela Pefenteur, pag. 169, and the folowing. | & Newton. Princ. L. II. prop.4. fchol. 
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other portions of matter, by which power the particles of fluids 
like other bodies make refiftance again{t being jut into motion. 


g. ‘Tue refiftance, which arifes from the friction of the 
body againft the parts of the fluid, muft be very incomfidera- 
ble; and the refiftance, which follows from the tere cif “af 
the parts of fluids, is not ufually very great, and dO nat , 
depend much upon the velocity of the body in the fluid ; 
for as the parts of the fluid adhere together with a certain 
degree of force, the refiftance, which the body receives from 
thence, cannot much depend upon the velocity, with which 
the body moves; but like the power of gravity, its effect muft 
be proportional to the time of its acting. This the reader 
may find farther explained by Sir Isaac Newr on himfelf 
in the poft{cript to a difcourfe publifhed by me in THE PHILo- 
SOPHICAL TRANSACTIONS, N° 371. The principal refiftance, 
which moft fluids give to bodies, arifes from the power of 
inactivity in the parts of the fluids, and this depends upon the 
velocity, with which the body moves, on a double account, 
In the firft place, the quantity of the fluid moved our uf 
place by the moving body in any determinate fpace of timé 
is proportional to the velocity, wherewith the body moves; 
and in the next place, the velocity with which each particle of 
the fluid is moved, will alfo be proportional to the velocity ut” 
the body : therefore fince the refiftance, which any body makes 
againft being put into motion, is proportional both to the quan- 
tity of matter moved and the velocity it is moved with ; the 
refiftance, which a fluid gives on this account, will be doubly in- 
creafed with the increafe of the velocity in the moving body; 

that 
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that is, the refiftance will be in a two-fold or duplicate propor- 
tion of the velocity, wherewith the body moves through the 


fluid. 


fiftafice increafing with the increafe of velocity, even 
in «Sfreater degree than the velocity’ it felf increafes, the 
iwifter the body moves, the lefs proportion the other fpecies 
of colitence will bear to this: nay that this part of the refift- 
ance may be fo much augmented by a due increafe of velo- 
city, till the former refiftances fhall bear a lefs proportion to 
this, than any that might be affigned. And indeed expe- 
rience fhews, that no other refiftance, than what arifes from 
the power of inactivity in the parts of the fluid, is of mo- 
ment, when the body moves with any confiderable fwiftnef.. 


" FarTHEr it is moft manifeft, that this latter kind 


11. Tuere is befides thefe yet another f{pecies of refift- 
ance, found only in fuch fluids, as, like our air, are elaftic.. 
Elafticity belongs to no fluid known to us befide the air. By: 

r¢his property any quantity of air may be contra@ed into a 
Iefs fpace by a forcible preffure, and as foon as the com- 
préiding power is removed, it will {pring out again to its 
former dimenfions. The air we breath is held to its prefent 
denfity by the weight of the air above us. And as this in- 
cumbent weight, by the motion: of the winds, or other cauf- 
es, is frequently varied (which appears by the barometer; ) 
fo when this weight is greateft, we breath a. more denfe air 
than at other times. To what degree the air would expand 
it felf by its fpring, if all preffure were removed, is not 

known,, 
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known, nor yet into how narfow a compafs it is capable 
of being compreffed. Mr. Boyue found it by experiment 
capable ‘both of expanfion and compreffion to fuch a degree, 
that he could caufe a quantity of air to expand it felf over a 
{pace fome hundred thoufand times greater, than the fpage to 
which he could confine the fame quantity *. But I Yhatt 
treat more fully of this fpring in the air hereafter >. “Peuny, 
now only to confider. what refiftance to the motion of odies 


arifes from it. 


12. Burt before our author fhews in what manner this 
caufe of refiftance operates, he propofes a method, by which 
fluids may be rendered elaftic, demonftrating that if their 
particles be provided with a power of repelling each other, 
which fhall exert it felf with degrees of ftrength recipro- 
cally proportional to the diftances between the centers of 
the particles; that then fuch fluids will obferve the fame 
rule in being compreffed, as our air does, which is this, that 
the fpace, into which it yields upon compreffion, is recipro- 
cally proportional to the comprefling weight. The tern 
reciprocally proportional has been explained above “. And if 
the centrifugal force of the particles a@ted by other laws, futh 
fluids would yield in a different manner to compreffion *. 


13. WHeTuer the particles of the air be endued with 
fuch a power, by which they can act upon each other out 
of contact, our author does not determine; but leaves that 


. bg his Traét on the admirable rarifation of zs Princ sf a Tl. prop. 23. 
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to future examination, and to be difcuffed by philofophers. 
Only he takes occafion from hence to confider the refift- 
ance in elaftic fluids, under this notion; making remarks, as 
he paffes along, upon the differences, which will arife, if their 
elaftieity be,derived from any other fountain *. And this, I 
tithats pc be confeffed to be done by him with great judg- 
mertt;\ for this is far the moft reafonable account, which has 
; nem) of this furprizing power, as mutt without doubt be 
freely acknowledged by any one, who i in the leaft confiders 
the infufficiency of all the other conjectures, which have 
been framed; and alfo how little reafon there is to deny to 
bodies other powers, by which they may act upon each other 
at a diftance, as well as that of gravity; which we fhall here- 
after fhew to be a property univerfally belonging to afl the 
bodies of the yniverfe, and to all their parts >. Nay we aétu- 
ally find in the loadftone a very apparent repelling, as well as 
an attractive power. But of this more in the conclufion of 
this difcourte. 


_ ‘¥4. By thefe fteps our author leads the way to explain 
the. zefiftance, which the air and fuch like fluids will give 
to bodies by their elafticity; which refiftance he explains 
thus. Hf the elaftic power of the fluid were to be va- 
ried fo, as to be always in the duplicate proportion of the 
velocity of the refifted body, it is fhewn that then the 
refiftance derived from the elafticity, would increafe in the 
duplicate proportion of the velocity; in fo much that the 


* Princ. philof, Lib. II. prop.33. coroll, | > Lib.1L Ch.>5. 
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whole refiftance would be in that proportion, excepting on- 
ly that fmall part, which arifes from the friction between the 
body and the parts of the fluid. From whence it follows, 
that becaufe the elaftic power of the fame fiuid does in 
truth continue the fame, if the velocity of the moving gt be 
diminifhed, the refiftance from the clafticity, and be ace 
the whole refiftance, will decreafe in a lefs proportion, tHe 
duplicate of the velogity ; ; and if the velocity be increafgd, i}:< 

refiftance from the elafticity will increafe in a lefs proportion, 
than the duplicate of the velocity, that is in a lefs proportion, 

than the refiftance made by the power of inactivity of the 
parts of the fluid. And from this foundation is raifed the proof 
of a property of this refiftance, given by the elafticity in com- 
mon with the others from the tenacity and friction of the 
parts of the fluid; that the velocity may be increafed, till this 
refiftance from the fluid’s elafticity fhall bear no confiderable 
proportion to that, which is produced by the power of inaéti- 
vity thereof *, From whence our author draws this conclu- 
fion; that the refiftance of a body, which moves very f\.ift- 
ly in an elaftic fluid, is near the fame, as if the fluid we Te, 
not claftic; provided the elafticity arifes from the centrif,a] 
power of the parts of the medium, as before explained, elect 

ally if the velocity be fo great, that this centrifugal power 
fhall want time to exert it felf *. But it is to be cbferved, 
that in the proof of all this our author proceeds upon the fup- 
pofition of this centrifugal power in the parts of the fluid ; but 
if the clafticity be caufed by the expanfion of the parts in the 
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manner of wool compreffed, and fuch like bodies, by which 
the parts of the fluid will be in fome meafure entangled 
together, and their motion be obftructed, the fluid will 
be in a manner tenacious, and give a refiftance upon that ac- 
count over and above what depends upon its elafticity on- 
dy’ ve the refiftance derived from that caufe is to be 
Judged of in the manner before fet down. 


15. I7 is now time to pafs to the fecond part of this theo- 
ty; which is to aflign the meafure of refiftance, according 
to the proportion between the denfity of the body and the 
denfity of the fluid. What is here to be underftood by the 
word denfity has.been explained above >. For this purpofe 
as our author before confidered two diftinct cafes of bodies 
moving in mediums; one when they oppofed themfelves to 
the fluid by their power of inadtivity only, and another 
when by afcending or defcending their weight was com- 
bined with that other power: fo likewife, the fluids them- 
felves are to be regarded under a double capacity; either 
as having their parts at reft, and difpofed freely without re- 
Gtraint, or as being compreffed together by their own 

ht, or any other caufe. 


16. In the firft cafe, if the parts of the fluid be wholly 
difingaged from one another, fo that each particle is at liber- 
ty to move all ways without any impediment, it is fhewn, 
that if a globe move in fuch a fluid, and the globe and par- 


* Vid, ibid.corol). 6, + In $2. 
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ticles of the fluid are endued with perfe& elafticity 5 fo. that 
as the globe impinges upon the particles. of it, they thal 
bound. off and feparate themfelves from the globe, with the, 
fame velocity, with which the globe ftrikes upon them; then 
the refiftance, which the globe moving with any known ve- 
locity fuffers, is to be thus determined, _ From thoy: 
of the globe, the tiine, wherein it would move ov? j 
third parts of its own. diameter with that velocity, will be 
known. And fuch proportion as the: denfity of the fluid bears 

to the denfity of the globe, the fame the refiftance given to’ 
the globe will bear to the force, which acting, like the power 

of gravity, on the globe without intermiffion during the fpace 

of time now mentioned, would generate in the globe the 
fame degre of motion, as that wherewith it moves. in the 

fluid*. But if neither the globe nor the particles of the. 
fluid be elaftic, fo that the particles, when the globe 

firikes againft them, do not. rebound from it, then the 

refiftance will be but half fo much® Again, if the par- 

ticles of the fluid and the globe are imperfeély elaftic, fo 
that the particles will {pring from the globe with part only 

of that velocity wherewith the globe impinges upon them ;: 
then the refiftance will be a mean between the two preceéd- 
ing cafes, approaching nearer to the firft or feeond, accor- 

ding as the elafticity is more or lefs % 





17, Tue elafticity, which is here afcribed to the parti-. | 
cles of the fluid, is not that power of repelling one another, 


2 Princ. philof, Lib. II. Prop. 35. © Id, 
Ma P Op. 35 | 
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when out of contact, by which, as has before been men- 
tioned, the whole fluid may be rendred elaftic; but fuch 
‘an elafticity only, as many folid bodies have of recovering 
their figure, whenever any forcible change is made in it, by 
the impulfg of another body or otherwife. Which elafticity 
has beg’ explained above at large * 


18. Turs is the cafe of difcontinued fluids, where the bo- 
dy, by preffing againft their particles, drives them before 
itfelf, while the fpace behind the body is left empty. But 
in fluids which are compreffed, fo that the parts of them re- 
moved out of place by the body refifted immediately retire 
behind the body, «and fill that fpace, which in the other cafe 
is left vacant, the refiftance is {till lefs ; for a globe in fuch a 
fluid which, fhall be free from all elafticity, will be refifted 
but half as much as the leaft refiftance in the former cafe ». 
But by elafticity I now mean that power, which renders the 
whole fluid fo; of which if the compreffed fluid be poffeffed, 
in the manner of the air, then the refiftance will be greater 
than by the foregoing rule; for the fluid being capable in fome 
‘slegree of condenfation, it will refemble fo far the cafe of un- 
compreffed fluids * But, as has been before related, this dif- 
ference is moft confiderable in flow motions. 


19. In the next place our author is particular in deter- 
mining the degrees of refiftance accompanying bodies of 
different figures; which is the laft of the three heads, we 

thor § 29. es 1. of prop. 3s 
» Princ. philofLib.JI,Prop.38, compared with | *° L.II. Lem, 7. {chol. pag. 341. 
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divided the whole difcourfe of refiftance into. And in this 
difquifition he finds a very furprizing and unthought of dif- 
ference, between free and compreffed fluids. He proves, 
that in the former kind, a globe fuffers but half the refift- 
ance, which the cylinder, that circum{cribes the globe, will 
do, if it move in the direction of its axis * Rutyg. the lat- 
ter he proves, that*the globe and evlindat are relifted a- 
like >, And in general, that let the fhape of bodies be. 
ever fo different, yet if the greateft fections of the bodies 
perpendicular to the axis of their motion. be equal, the. 
bodies will be refifted equally % 


20. Pursuant to the difference found between the re~. 
fiftance of the globe and cylinder in rare and. uncompreffed 
fluids, our author gives us the refult of fome other inquiries 
of the fame nature. Thus of all the fruftums of a cone, 
that can be defcribed upon the fame bafe and with the fame 
altitude, he fhews how to find that, which of all others 
will be ie leaft refifted, when moving in the direction of 
its axis“, And from hence he draws an eafy method of al- 
tering the figure of any {pheroidical folid, fo that its capz-- 
city may be enlarged, and yet the refiftance of it diminifh- 
ed‘: a note which he thinks may not be ufelefs to fhip- 
wrights. He concludes with determining the folid, which 
will be refafted the leaft that is poffible, in thefe difcontinued 
fluids *. 


4 Lib. IT. Prop. 34! 4 Prop. 34. {chol, 
® Lib. HI. Lem. = P-34h | ¢ Ibid, ee 
© Schol. to Lem. 7. F Thid, 
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21. TuHat I may here be underftood by readers unac- 
quainted with mathematical terms, I fhall explain what I 
mean by a fruftum of a cone, and a fpheroidical folid. A 
cone has been defined above. A. fruftum is what remains, 
when part of the cone next the vertex is cut away by a fec- 
tion parallel to the bafe of the cone, as in fig.86. A {pheroid 
is produced from an ellipfis, as a fphere or globe is made 
from acircle. Ifa circle turn round on. its diameter, it de- 
{cribes by its motion a {fphere; fo if an ellipfis (which figure 
has been defined above, and: will be more fully explained 
hereafter*) be turned round either upon the longeft or 
fhorteft line, that can be drawn through the middle of it, 
there will be defcrjbed akind of oblong, or flat fphere, as 
in fig. 87. Both thefe figures are called-{pheroids, and any 
folid refembling thefe I here calt {pheroidical. 


22. Ir it fhould- be asked, how the method of altering 
{pheroidical bodies, here mentioned, cau contribute to the 
facilitating a fhip’s motion, when I juft above affirmed, 
that the figure of bodies, which move in'a comprefled 
“uid not elaftic, has no relation to the augmentation or di- 
minution of the refiftance; the reply is, that what was 
there {poken relates to bodies deep immerged into fuch flu- 
ids, but not of thofe, which fwim upon the furface of them; 
for in this latter cafe the fluid, by the appulfe of the an~ 
terior parts of the body, is raifed above the level of the 
furface, and. behind the body is funk fomewhat below; fa. 


* Book II, Ch. 1. § 6; 
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that by this inequality in the fuperficies of the fluid, that 
part of it, which at the head of the body is higher than 
the fluid behind, will refift in fome meafure after the 
‘manner of difcontinued fluids *, analogous to what was be- 
fore obferved to happen in the air through its elafticity, 
though the bedy be furrounded on every fide by kK. And 
as far as the power of thefe caufes extends, the figure of the 
moving body affects its refiftance ; for it is evident, that the 
figure, which prefies leaft direétly againft the parts of the fluid, 
and fo raifes leaft the furface of a fluid not elaftic, and leaft 
compreffes one that is elaftic, will be leaft refifted. 


23. Tue way of collecting the difference of the refiftance 
in rare fluids, which arifes from the diverfity of figure, is 
by confidering the different effect of the particles of the fluid 
upon the body moving againft them, according to the diffe- 
rent obliquity of the feveral parts of the body upon which 
they refpectively ftrike ; as itis known, that any body im- 
pinging againft a plane obliquely, ftrikes with a lefs force, 
than if it fell upon it perpendicularly; and the greater the 
obliquity is, the weaker is the force. And it is the fanv- 
thing, if the body be at reft, and the plane move againft it % 


24. Tuart there is no connexion between the figure 
of a body and its refiftance in compreffed fluids, is proved 
thus. Suppofe ABCD (in fig.88.) to be a canal, having fuch a 
fluid, water for inftance, running through it with an equable 
ime | Ciel ie ont ppae 

velocity ; 


